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SINGLE-CHANNEL APFARATUS FOR HTGH-FREJUENCY TEXEPHONY

Sug V. G. Chernykh
Eigm‘es are appendedj

This new sianglie-channel apparatus for high-freguency telepnony ies
malaly intended for the comsolidation of steel circults but can aleo he
utilized for the coneolidation of coppe~ clreunits.

In & gteel circuit with conductors 4 my in diameter, distances of 20
cm between conductorg, and uader slset conditions (& = 25 nm), the appa-
ratus gusrantees a gtesly telephone contact at & dietance of 80 lom between
intermediste atationo, and 90 km beiveex a torminal and ‘antermediate eta-
tion, o two terminal statiaone. In A copper circuit the distance bhetween
any two neighbaring stetione can be brought up to 250 Im.

A set of aingle-charnel spvaratue (terminal or intermesdlate) coaneiets
of equipment essential for recsiving cme high-fregquency and one low-fre-
quancy chancel. All line ard bziancfhg filters which are necessary for
Joint operation in both channels are assembled on a rack common to all of
the equipment.

The voice-frequency channel has a frequency spectrum of 300 - 2,C00
cps; the high-frequency channels tramsmit 2,600 - 5,100 e¢pe in direction
A-B, and 6,790 - 9,200 cps in directicn B-A. The high-freguency-channel
circuit does not transmit the carrier frequency currentas to the line.
These currents ara utilized as control-frequency currents. The control-
frequency in directiom A-B le 5,400 cpa, in dirsction B-A, 6,400 cps.

Thug, to the line from Ststion A, gide-frequancy currents of 2,600 -
5,100 cps end the control-frequency current of 5,400 cps are trensmitted;
from station I, side-frequeucy currents of 5,700 - 9,200 cpe, ané the com-
wel-froegmency. current of 6,400 cps.
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the following equipment ie found at sach tcrminal atation: a calling
device, intended for diepatching calls to the lise and to the switchboard,
for (1) conversation control of eubseribers, (2) negotiations with sub-
gcribers, and (3) tranemission end reception of currente of meapured fre-
quencien; a voice-frequency current generator, used for providing the ilne . ¥
with currents of %00, 1,000, and 2,000 cpe; & level indicator with an input
registance of 600 and 5,000 omme for meaguring the lsvel of "«ransmiseion
¥ilthin limits of -2--4 3.3 neper; two milllsmmeters, to check the value of :
the tule plete curronts; test Jacks, serving to igolate separate circuiis B 1
of the apperatus for testing and for replacing defective circuits; a set ; g
of corde with pluge for ewitching and’ testing purpcses; & sot of connecting S
lines for trensferring seperete circuite to the mesguring mection of the RN -
line-switching room for testing purposes, and for replacing circults with PR .
aimilas ones dlstributed on other panels; a milliammeter for mgasuring con- PR k
trol-frequency current; and a 24/220 volt voltmeter. An intermediate sta- e 1
tion set has equipment identical with that of a terminal station, with the = ¢
oxcoption of. a volce-frequency generstor. .

The entire apparatus in every station, ss listed, 1s inetalled cn one S I
rack. Separate unite are distribut-.;@. on two sides of the freme, with the B
reguistors and jacke placed on the front panels, while ﬂ}m tubes are covared.
dr
The appsratus is equippgd with tubes of the metalliWmeries £J7 and 676.
It is fed from the ordinary station ba‘ct’eriaa o204 2 rand 2b volts.

The single-channel apperatus hes antomstic amplification regulatica, )
besed on resistance changss of he tube of a gpeclai pre-amplifier, with 4
chauges in the grid blas <f thie tube. The changing bize reesults from a
srecial selective amplifier which emplifiee only the control-frequencv cur-
rent.

The coatrol-frequency current proceeds fror the output of the common
amplifier to the input of the selective amplifier, which has & high input
rogigtance. It 1s amplifisd heve, and then rectified through s cuprous-
oxide rectifier. The rectified current 1s meapured with a millimmeter.

By moene of e potentiomster, connected to the grid of the amplifisr tube of
the selective amprlifier, the magnitude of the rectified current is estadlshed
equal to 0.3 milliampere.

In arder to obtain a sharper characteriatic of amplification chenge
relative to change in control-frequency current, the difference between two
steady voltages is placed an tke grid of the tube of the special pre-ampli-
fiex. This voltage d1ffarance ccneiste of a positive constant voliage of
16 volie, from 2 spasicl cixreuit, which is stadbilized by a neon tube fed
fram the plate battery (the etabiliration is needed for mainteining a com-
stent valus of positive voltage during fluctuations in the plate voltage),
erd of a nsgative voltage recel~sd fre.: the amyli?inod and rectified current
of the control frequency. .

Because of this connection, the grid bilaz on the tube of the special
pre-amplifisr;, with a fluctuation of the level of the cantrol frequsncy
voltage of X 0.1 neper, chonges in the lLimite from -5 v to -1 v. Thua,
the gtege gives either amplification or attemuation. Tho umplification
chengee are sufficiont to compensate for the attenusiicn chrnges on the
iine, depending on weather cunditions: £rom "winter, dry" to "moderate
glest. "
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Beslder amplification chenzes, yrovision is made for changine the. fre-.
quency cheracteristic of the amplitude distortions in the regulating stage.
Thig im peseidble through connection of aa IC rescnsnt circult in a feedback ] [
circult of the apecial pre-amplifier tuba.

With slight attenuation on the line, the blas on the grid of the pre-
amplifier incressss. In comperison with the input resistance of the IC
circult, the internal resistance of the tube incresses alsoc. Coneequently,
the current feedback, through decreese of the alternating voltage on the LC
circuit, drope abrupily. Therefore, practically, one can call the frequency
characterlstic of the stage linear.

If the attenuation on +he line increases, the bias on the urid of the
tube decreases. The tube starte to work on the linear poartion of the char-
acterigtic, its resigtance sharply diminishes, and becomes proportional to
the resistance of the IC circuit. Conmseguently, the resistance of the IC
circult becomes gignificent in compariseon to the resigtance of the tube end
the influence of the faedback on the amplification of the tube increases.

The parameters of the LC circult are selected in such a wey that high
frequencies ora axplified more by the pre-amplifier than the low fregquencies.
Ag a result, the supplementary Irequancy distortions arnd line atteouation are
compensatsd for through the diatortion and increase of amplification of the
agpecial pre-amplifier.

In order to get this adlustment 1t ia neceamsary, during winter weather,
to set the plate cuxrrent of ths tube of the pre-amplifier within the limits
of 0.1 - 0.2 ma, changing the negative blas on the grid of the tube by a
patentlometer.

In cage of a defect in the automatic adjustment of the amplification,
a provision 1s made to change over to menual adjustment, in which a filament
battery is used for the negative displacement of the characteristic.

A characteristic of the automatic amplification regulation ig the large
grid-plate transconductance; 1t is therefore not permigsible for the apparatus
to transmit large eamplitudes of silde irequency currents. At amplitudes of
more than 4 2.5 nepsrs, the amplitude characteristic at the output of the high-
frequency amplifier levels off. Comeaquently, the level of the control fre-
quency diminishes, the amplification increases, and the beud of the amplitnds
characteristic becamen even laxrger. In the ceourse of the above proceess, the
avtomatic regulation atops working, the amplification rises up to the maximum
value and the coupling starts to vibrate. TLerefore, it le¢ necessary, when
connecting the apparatus for manual adjustment, t.o measure the amplitude shar-
acteristic of the reeidual attenuation.

In ordexr to weaken the described effects, the apparatus hes ar amplitude
limiter (Figure 1) consisting of a series and 2 ghunti-g arm. Duc to the
Joint action of doth arms, a steady limiter input resistance is ohtained neaxly
independent of the amplitude of the incoming voltage.

The limiter is connected in the transmitting gection of the terminal seta-
tion between the chcke-filter and the modulatir and has a -threshold limit near
the level-2 nepera. To change the threshold 1limit it 1s possible to connect
elongatore ejther before or after the limiter. By increasing the attenuation .
of the elongators before the limiter and decreasing the attenuation of the
elongators after the limiter, the threshold limit decrease; with & decrease
in the attenuation of the elongators connected before the limiter, end with
an increase in the attenuation of the elongators after the limiter, the thres-
hold 1imit increeses.

-3 .
CONFITENTIAL

enge ’M" R 11'
r(‘ﬂui n....-.w” J’:;“

Sanitized Copy Approved for Release 201 11/09/13 : CIA-RDP80-00809A000600260591-7



R R

Copy Approved for Release 2011/09/13 : CIA-RDP80-00809A000600260591-7

0006

X i

Sanitized

SCARDERTIAL | ~ 50x1-HUM}

Lopyotem leadviseble vhich pormite gething up cu abnolute.level
of 4 2 nepers at the output of the ampiifier.

For controlling ths threshold limit e rheostat can be used which
permits changing the voltage applied to the cuprous-oxide rectifier of the
lateral dbranch of the amplitude limiter. Eowever, it is not advisable to
change the voltage within #ide limits because the input resistance of the
limlter alters greatly during this process.

The installation of & limiter hes yet another useful possibility; be-
causs of the limiter the influence of Inevfficiently large "clear™ attenua-
tion of the condenser filters K-2, 3 weakens considerably. This is of spe:
ciel importence in phantom-circuilt utilization of the apparatus for & two-
way group telephone connectiom.

In order to compeneate for the formation of emplitude frequency distor-
tions in the line, quadripole egualizers ere employed in the high- and low-
frequency channels. These quadripols egualizers have properties which make
1t possibls to establish different corrsction limits by resoldering only the
real resistances, without changing the reactive elementa of the guadripole,
even wien the agpperatue is ewitched from pteel to copper circuits. This
characteristic simplifies coneiderably the quadripole equalizinmg scheme &nd
facilitates their manufacture. If the apparatus is working on short ssctiong
of lin¢, additicnal linke are connected to lengthen the line. Xvery spparatus
has two of these links.

In the feedback circuit of a low-frequency amplifier there are gpecial
circulte vhich wake it poseible to regulats the frequency charscteristics of
the chennels in high-fraquency regions. Tl regulation makes 1t poeaible to
compoments for tho amplitulds Slsworiicis of Vue filievs within the limite of

9.3 neper for the whole coupling.

vas Regulation is aleo provided in the feedback circuit of the low-fre uency
3 amplifier for chenging the frequency characterigtic of low frequencies (300
S . cpa) 1o the high-frequency channel. In the voice-frequency channel a 3imilar

regulation is carried out by means of a condenser, with a shunt resistance,
connected in series with the primary winding of the grid treneformer.

Figure 2 shows =& skeleion dlegram of the terminal station. The
scheme permiis duplex operaticn, two-wire end four-wire (phantom) treansit
connection and & two-way group ccanection on the high-frequency chanrel;
alen duplex vyeration and two-wire trenait connection cn the voice-frequency
charnel.

The skeleton diagram of an intermediate statian is shown on Figure 3.
One can see that the introguction of spocial equalizers in the intermediate
gtations to coxpensate {or the amplitude diastortions of the filters mekes
it poosible to obtain good-quality high-freguency channels. Choke filters,
D-10, vhich exclude frequencies sbove 10,000 cps, are set up to protect the
high-frequency channel from influence of other networks.

Figure 4 shows arientation diagrams of equalizers in basic units of
the terminal end intermediate apparatus, ccnnected in a steel circuit at
dietences of 80 km, under "dry, winter -20° C" ~ondivicna.

Curves of residual attenuations of high- and low-frequency chennels
are shown in Figures 5 and 6. The high-frequency channel has a width of
300-2,600 cpa, with distortions much less than the permitted standerd; the
audidility 13 very good. '
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" The width of the'voice-frequency channel 1s 300 - 2,000 cps. The
distortions are ulso minmor, but grester than in the high-frequency channsl. LY
The limltatlion of tae higher freauency range diminishes to some extent the
tranamission quality. Regulation of this channel lg by far more complicated
than the regulation of the high-freguency chennel.

Figure | doplotw the amplitude characteristica of the high- and volce-
frequeacy channels. The amplitude characteristic of the high~-frequency chasnnel
vag taken vhile the limiler was discomnnected. If the limiter is connscted, the
curve characteristic chapges abruptly, but the influence of the "clear" attenua-
tion of the K-2,3 filters diminighes conglderably. !

The “"clear factor' of chamnels with the limiter comnected fluctuetes
between 5 - & percent, but diminishes to 1.5 percent without the limiter.

From the curvos, illustrated by Figures 8 and 9, ons cen gee thai during
current variations in the tube of +the gpecial pre-amplifier not caly doss the
amplification of the stage changs, but alco the amplitude digtortions comw
puted to compensate for distortion on an S0-kilomster = long-section of the
steel circuit, in the case of wveather change from "winter, dry" to "sleet."
Oz shorter sectlods cf a steel circuit or during operation on 2 copper cir-
cult, 1t ie possidle to find the most advantageous point with vlde regula-
tion limite by regulating the plate current of the pre-soplifier tube.

Cross-talk attenuation between high- and low-frequency channsle excesds
7.5 nep. Eowever, by sending induced currant along the vuice-frequency channel,
en audible effect 18 noticeabie in the high-frequency channel in the form of
an initial click and & weak background.

Because of its operational chararteristice, the apparatus of a slugle-
channsl consolidated system im very flexible and can be gerviced completely
vithout any additicnal test. equipment. The apparatus 1s compact and there-
fore can be met up in a emaller space, which is of special importance in
district centers.

Good opwratiocnel qualitles of the apparatus ure tasic reesonc to expect
videspread circulation at junctions of reginnal importance. Mase preduction

of the apparatus will sharply increase the quality of interregionel connec-
tions and the comnections of regione with provincial centers.

[Flgures follov,7
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Flgure 1. Amplitude Limiter

dwire
Connaction

Figpra 2. Skaleton Diagram of the Terminal

e tica B; I8 - differential gyetem, GIV - tone-call generatar, BXK -

“Tbalancing circuit, PTV - themcall receiver, TURI - wansit elongatar,
FECh - low-frequency .filter,+0 - limiter, M - moduletor, FF - band
filter, G - oscillator, UsVCh - high-frequency amplifier, UsliCh - low-
frequoncy amplifier of the high-frequency chuwnw :l, K - condenser filter,
IT - line “ransformer, D - choke filter, LV - line oqualizer, ARU -
autumatic lével regulator, IM - demodulator, BDK - balancing choke-
condenger filter, UeTCh -amplifier for voice-frsgquency channel, Udl -

wlongatar.
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Figure 3. B8keleton Diagram of an Intermediate Staticn:

DS - differsntial system, BK - balencing circult, FECh - low-freguency'’
filter, Us¥Ch - high-frequency suplifier, UsICh - volce-frequency mmpli-
fier K - condenser filtex IT - line transfarmer; D - choking filter, IV -
iine equalizer, ARU - autmmatic level regulator, BDK - balancing choke-
cendenger filtexr, VK - equalizer for the condenser-filters, VD - squalizer
for the choke-filters, UdI - olomgator.
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_ Pigure 4, Tisgram of Equsligers:
1 - terminal station B (.eceiving), 2 - “erminai station A (receiving),
, 3 - terminal stations A and B (transmiesion), 4 - intermediate atation
{airection A - B, 5 intermsiiate station (direction D - A.)
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Flgwre 5. Curve of Residual Attenvation of the High-Fregqnuency Chennel
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Figure 6. Curve of Rseidunl Attenuaticn of the Voice-Frequency Crannsl
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Figure 7. tude charscteristice: l-characteristic of high
frequency chili¥l, 2-characterigtic of voice frequeacy channel.
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Figure 8. Curve of Attenuatica Change in Level Regulation (dirsctiom A - B)

75 0 45 #i#2
Curve of Amplifigaticn Change in Level Reguletion (direction B - A)

-BHED-

Sanitized Copy Approved for Release 2011/09/13 : CIA-RDP80-00809A000600260591-7



